Effect of initial pBMP-9 loading and collagen concentration on the kinetics of peptide release and a mathematical model of the delivery system.
Type I collagen is one of the most widely used materials for drug delivery in tissue repair. It is the reference carrier for delivering growth factors like bone morphogenetic proteins (BMPs such as BMP-2 and BMP-7) for bone repair. Since BMPs are expensive to produce, we have developed a peptide derived from BMP-9 (pBMP-9) that is 300 times less expensive than the entire protein while still promoting osteogenic differentiation. We have now evaluated the effects of the collagen concentration and the initial pBMP-9 load on peptide release. We then developed a model of pBMP-9 release kinetics by finite differences using a system based on Fick's second law in which the interactions between the peptide and collagen fibers are assumed to follow Langmuir adsorption kinetics. The Langmuir isotherms suggest that the structure of the collagen gel influences the strength of its electrostatic interaction with the peptide, since increasing the collagen concentration decreased the affinity of pBMP-9 for the collagen. The resulting model of the mechanism accurately reflects the experimental data and the parameters estimated indicate that the diffusivities with the different collagen concentrations are similar, whereas the mass transfer coefficient increases with the collagen concentration. The results also indicate that perfect sink conditions cannot be assumed and suggest the presence of an optimal collagen concentration. Finally, we have correlated our conclusions with the differences in collagen fiber organization observed by transmission electron microscopy.